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VXSSOHPHQWORFDOFDSDFLW\ZLWKUHJLRQDORULQWHUQDWLRQDODLG5HFHQWO\GLVDVWHUUHOLHIPDQDJHUVKDYHWULHGWRPLWLJDWH
WKHHIIHFWVRIQDWXUDOGLVDVWHUVZLWKWKHKHOSRIUHVHDUFKHUVZKRKDYHVHULRXVO\FRQVLGHUHGWKHH[WHQVLYHHIIHFWVRI
WKHVH FDWDVWURSKHV RQ SHRSOH¶V OLYHV LQ WKHLU VWXGLHV 'XH WR OLPLWDWLRQV LQ WUDQVSRUWDWLRQ UHVRXUFHV DQG UHOLHI
VXSSOLHV LQHIILFLHQW XVH RI UHVRXUFHV VORZ UHVSRQVH DQG LQDGHTXDWH UHOLHI GHOLYHULHV PD\ WDNH SODFH 'LVDVWHU
PDQDJHPHQWLVDVHWRIDFWLYLWLHVDQGSURFHVVHVSODQQHGWRSUHYHQWRUUHGXFHWKHHIIHFWVRIDGLVDVWHULQWKUHHVWDJHV
SUHGLVDVWHUGXULQJGLVDVWHUDQGSRVWGLVDVWHU0RVWRI WKHSURSRVHGPRGHOVIRUFDWHJRUL]LQJGLVDVWHUPDQDJHPHQW
DFWLYLWLHVDUHLQDFFRUGDQFHZLWKIRXUPDLQSKDVHVPLWLJDWLRQSUHSDUHGQHVVUHVSRQVHDQGUHFRYHU\,QWKLVVWXG\
WKHIRFXVLVRQWKHUHVSRQVHSKDVHRIWKHGLVDVWHUPDQDJHPHQWSODQ,QWKLVSKDVHSXEOLFKHDOWKLVWKHPDLQSULRULW\
DQGWUDQVSRUWDWLRQRILQMXUHGSHRSOHDQGUHOLHIJRRGVVXSSO\LVYLWDO
7KH UHVWRI WKLVSDSHU LVRUJDQL]HGDV IROORZV ,Q6HFWLRQ DEULHI OLWHUDWXUHRI WKH VXEMHFW LVJLYHQ6HFWLRQ
GHILQHVWKHSUREOHPDQGWKHDVVXPSWLRQVFRQVLGHUHGLQWKLVVWXG\DQGDOVRSUHVHQWVQRWDWLRQDQGWKHPDWKHPDWLFDO
IRUPXODWLRQIRU WKHSUREOHP6HFWLRQH[SODLQV WKHDSSOLFDWLRQRIUHOLDELOLW\FRHIILFLHQW WRFDSDFLW\FRQVWUDLQWV,Q
6HFWLRQWKHUREXVWFRXQWHUSDUWPRGHOLVJLYHQ6HFWLRQSUHVHQWVWKHVROXWLRQDSSURDFK$QXPHULFDOH[DPSOHLV
SURYLGHG LQ6HFWLRQ7KHVHQVLWLYLW\RI WKHREMHFWLYHIXQFWLRQV WRXQFHUWDLQSDUDPHWHUV LVDQDO\]HG LQ6HFWLRQ
)LQDOO\6HFWLRQVXPPDUL]HVWKHFRQFOXVLRQRIWKLVZRUN
 /LWHUDWXUHUHYLHZ
'LIIHUHQWPRGHOVZLWKGLIIHUHQWREMHFWLYHIXQFWLRQVKDYHEHHQSURSRVHGIRUGLVDVWHUUHOLHIGLVWULEXWLRQSUREOHPV
7KH ILUVW VWXG\ LQ UHOLHI ORJLVWLF SODQQLQJZDV FDUULHG RXW E\.QRWW 7KHQ UHVHDUFKHUV KDYH FRQVLGHUHG GLIIHUHQW
FRQGLWLRQV IRU WKHLU UHOLHIGLVWULEXWLRQQHWZRUNV VXFK DVKHWHURJHQHRXVYHKLFOHV WUDYHOLQJDORQJ WKHQHWZRUNZLWK
GLVWLQFWFKDUDFWHULVWLFV2IWKHQXPHURXVVWXGLHVPD\EHLWFRXOGEHVDLGWKDW1DMDILHWDOVWXGLHGWKHPRVWVLPLODU
ZRUNDGGUHVVLQJDPXOWLREMHFWLYHPXOWLFRPPRGLW\PXOWLPRGHDQGPXOWLSHULRGUREXVWRSWLPL]DWLRQPRGHO WKDW
PDNHWKHUHTXHVWIRUERWKWKHUHOLHIFRPPRGLW\DQGVHUYLQJLQMXUHGSHRSOHVDWLVI\6LQFHLQWKHUHVSRQVHSKDVHRIDQ
HDUWKTXDNHHYHQWWKHDYDLODEOHUHVRXUFHVDQGHVSHFLDOO\KXPDQLWDULDQDLGHTXLSPHQWHJHPHUJHQF\YHKLFOHVDUH
OLPLWHG DQG DW WKH VDPH WLPH WUDQVSRUWDWLRQ RI LQMXUHG SHRSOH LV YLWDO WKH DXWKRUV KDYH FRQVLGHUHG FDVXDOWLHV
WUDQVSRUWDWLRQWR WKHPHGLFDOFHQWHUVDV WKHILUVWREMHFWLYHDQG WKHGLVWULEXWLRQRI WKHUHOLHIJRRGVIURPSUHGHILQHG
GHSRWVWRWKHGHVLUHGUHJLRQDVWKHVHFRQGRQH)XUWKHUPRUHGXHWRXQFHUWDLQWLHVRISDUDPHWHUVHJWKHQXPEHURI
LQMXUHGSHRSOHGHPDQGVXSSO\DQGRWKHUIDFWRUVUHODWHGWRFDWDVWURSKHDUREXVWDSSURDFKIRUWKHVWRFKDVWLFPRGHO
LVSURSRVHG7KLVSUHVHQWUHVHDUFKLVQRWDEO\GLIIHUHQWDVLQRXUUHOLHIQHWZRUNDGHJUDGDEOHFDSDFLW\LVFRQVLGHUHG
IRUWKHURXWHVWKDWUHSUHVHQWVWKHGLVUXSWLRQSUREDELOLW\RIWKHPGXULQJDVHFRQGHDUWKTXDNH7RSXWLWDQRWKHUZD\
WKH SURSRVHG PRGHO FRQVLGHUV WKH OLNHOLKRRG RI WKH VHFRQG GLVDVWHU KDSSHQLQJ ,W LV D VHULRXV LVVXH DIWHU DQ
HDUWKTXDNHZKHQ FRQWLQXHVZLWK VRPH DIWHUVKRFNVZKLFKPD\ GLVUXSW WKH WUDIILF RI UHOLHI WUXFNV DQG HPHUJHQF\
YHKLFOHVEHWZHHQWKHUHOLHIQRGHVDQGWKHKHDYLO\GDPDJHGDUHDVGXHWRGHVWUXFWLRQLQURDGVDQGFRQVHTXHQWO\WKH
UHGXFWLRQLQWKHURXWHV¶QRPLQDOFDSDFLW\$OVRWKHVHDIWHUVKRFNVFDQFKDQJHWKHFDSDFLW\RIKRVSLWDOVZKLFKVHUYHG
FDVXDOWLHV &OHDUO\ WKLV VWXG\ GHYHORSV D PDWKHPDWLFDO RSWLPL]DWLRQ PRGHO VROYHV WKH DERYHPHQWLRQHG UHOLHI
QHWZRUN SUREOHP DQDO\]HV WKH GLIIHUHQW SDUDPHWHUV DIIHFWLQJ RQ WKH REMHFWLYHV DQG ILQDOO\ KDV D UHDVRQDEOH
HVWLPDWLRQRIWKHILQDOEHKDYLRURIWKHVWXGLHGQHWZRUN
 0DWKHPDWLFDOIRUPXODWLRQ
3.1. Problem definition 
7KHSURSRVHGSUREOHPLVFRQFHUQHGWRURXWHWKHUHOLHIYHKLFOHVZKLFKDUHVXSSRVHGWRGHOLYHUVDYLQJFRPPRGLWLHV
WRVRPHWKHDIIHFWHGDUHDVE\HDUWKTXDNHDQGWUDQVIHULQMXUHGSHRSOHWRPHGLFDOFHQWHUV7KHUHDUHGLIIHUHQWW\SHVRI
FRPPRGLWLHVDQGLQMXULHVZLWKGLIIHUHQWSULRULWLHV(DFKYHKLFOHFDQFDUU\RQO\VRPHSUHVSHFLILHGJRRGVRUSDWLHQWV
7KHUHIRUH UHOLHIYHKLFOHVDUHKHWHURJHQHRXV$ UHOLDELOLW\FRHIILFLHQW LVXVHG WRFRQWURO WKHFDSDFLW\RI URXWHVDQG
KRVSLWDOVDQGKHOSUHOLHIPDQDJHUVWRPDNHPRUHUHOLDEOHGHFLVLRQV
3.2. Proposed model formulation 
7KHQRWDWLRQVXVHGWRVWDWHWKHPDWKHPDWLFDOPRGHODUHDVIROORZV
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6HWV
CT 6HWRIFRPPRGLWLHVc «CT 
V 6HWRIYHKLFOHW\SHV v «V 
O 6HWRIDOOQRGHVo, p «O 
DN 6HWRIGHPDQGQRGHVm «DN 
H 6HWRIKRVSLWDOQRGHVh «H 
S 6HWRIVXSSOLHUQRGHVs «S 
MI 6HWRIERWKLQWHUPHGLDWHDQGGHPDQGQRGHVp «MI 
HS 6HWRIERWKKRVSLWDOQRGHVDQGVXSSOLHUQRGHVp «HS 
3DUDPHWHUV
injm 1XPEHURILQMXUHGSHRSOHWREHSLFNHGXSIURPGHPDQGQRGHm
hch 1XPEHURIEHGVDYDLODEOHDWKRVSLWDOh
dcm 1XPEHURIFRPPRGLW\W\SHcGHPDQGHGDWQRGHm
ccv &DSDFLW\RIYHKLFOHvIRUFDUU\LQJFRPPRGLW\
civ &DSDFLW\RIYHKLFOHvIRUFDUU\LQJLQMXU\
cuc &DSDFLW\FRHIILFLHQWRIFRPPRGLW\c
capop 'HVLJQFDSDFLW\RIDUFop
tvv 7RWDOQXPEHURIYHKLFOHW\SHv
tcc 7RWDOHVWLPDWHGDPRXQWRIFRPPRGLW\c DYDLODEOHIRUGLVWULEXWLRQ
cdcm &RVWRIQRWVDWLVI\LQJGHPDQGIRUFRPPRGLW\cLQDIIHFWHGQRGHm
ctcopv 9DULDEOHFRVWRIWUDQVSRUWDWLRQ
cvopv )L[HGFRVWRIWUDQVSRUWDWLRQ
Th 'LVUXSWLRQIDFWRUIRUQRGHh
Įh &DSDFLW\H[FHHGDQFHSUREDELOLW\IRUKRVSLWDOh
Top 'LVUXSWLRQIDFWRUIRUDUFop
Įop &DSDFLW\H[FHHGDQFHSUREDELOLW\IRUDUFop
lopv LIWKHDUFopH[LVWVRWKHUZLVH
'HFLVLRQYDULDEOHV
Wcopv 1XPEHURIFRPPRGLW\W\SHcWUDQVSRUWHGIURPQRGHoWRQRGHp
Uopv 1XPEHURILQMXUHGSHRSOHWUDQVSRUWHGIURPQRGHoWRQRGHp
UDcm $PRXQWRIXQGHOLYHUHGFRPPRGLW\W\SHcWRQRGHm
NVopv 1XPEHURIYHKLFOHVW\SHv
UIm 1XPEHURIXQVHUYHGLQMXUHGSHUVRQVEHORQJVWRDIIHFWHGDUHDm
SUPcs 6XSSO\DPRXQWRIFRPPRGLW\W\SHcVXSSOLHGLQQRGHs
0RGHO
0LQ
CT o o v CT DN o o v
copv copv cm cm opv opv
c o p v c m o p v
ct W cd UD cv NV ¦¦¦¦ ¦¦ ¦¦¦  
0LQ
DN
m
m
UI¦  
VW 
v o v o
cpmv cmpv cm cm
v p v p
W W UD d   ¦¦ ¦¦  c m  
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v o v o
mpv pmv m m
v p v p
U PU UI inj   ¦¦ ¦¦  m  
v o v o
cspv cpsv cs
v p v p
W W SUP d¦¦ ¦¦ 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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      
v o v o
phv hpv h h h h
v p v p
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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DN DN
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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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
opv v opvU ci NVd u 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 o v p O   
O O
opv pov
o o
NV NV ¦ ¦ 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O O
opv v
o p
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opv big opvNV M ld u    o v p O   
CT
copv big opv
c
W M ld u¦    o v p O   
opv big opvU M ld u    o v p O   

V O DN V O H
mpv ohv
v p m v p h
U U  ¦¦¦ ¦¦¦  

V O MI V MI O
opv pov
v o p v p o
U U  ¦¦¦ ¦¦¦  
V O S DN DN
csov cm cm
v o s m m
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    copv opv cm opv csW U UD NV SUP t       c o v m s p O   
(TLVWKHILUVWREMHFWLYHIXQFWLRQWKDWPLQLPL]HVWKHHVWLPDWHGWRWDOFRVWLQFOXGLQJWKHYDULDEOHDQGIL[HGFRVWV
RIWUDQVSRUWDWLRQDQGWKHFRVWLQFXUUHGIURPQRWGHOLYHULQJFRPPRGLWLHVWRWKHLUGHVWLQDWLRQV7KHVHFRQGREMHFWLYH
IXQFWLRQDLPVDWPLQLPL]LQJWKHQXPEHURILQMXUHGSHRSOHZKRKDVQRWEHHQVHUYHG\HW(TEDODQFHVPDWHULDO
ÀRZVIRUUHTXHVWHGFRPPRGLWLHVDWGHPDQGQRGHV ,QIDFWXQVDWLVILHGGHPDQGUDcm LQ WKLVHTXDWLRQ LVH[SOLFLWO\
FDOFXODWHGE\(4%DVHGRQWKLVFRQVWUDLQWWRWDOXQVDWLV¿HGGHPDQGLVGHWHUPLQHGE\WKHDYDLODEOHVXSSOLHV(T
UHVWULFWVWKHLQMXUHGSHRSOH¶VÀRZEDODQFHDWDIIHFWHGDUHDV&RQVWUDLQWVHWFRQWUROVWKHLQSXWDQGRXWSXWIORZ
RIVXSSOLHVIURPGHSRWVQRWWRH[FHHGWKHLUDYDLODEOHLQYHQWRU\OHYHOV&RQVWUDLQWVHWUHSUHVHQWVWKHFDSDFLW\RI
KRVSLWDOV IRU WUHDWLQJSDWLHQWV7KLV FDSDFLW\ FDQEH FKDQJHGGXH WRSUREDEOHGLVUXSWLRQ FDXVHGE\GLVDVWHU6R D
UHOLDELOLW\FRHIILFLHQWDGGHG WR WKLVFDSDFLW\ LVGULYHQIURPDVSHFLILFSURFHGXUH WKDWZLOOEHH[SODLQHG LQ WKHQH[W
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VHFWLRQ(TPDNHVDEDODQFHEHWZHHQDOOLQMXUHGSHRSOHLQWKHQHWZRUNLQFOXGLQJXQVHUYHGWUDQVSRUWHGDQGWRWDO
QXPEHURIWKHPLQHDFKGHPDQGQRGH,QHTXDOLW\HQIRUFHVWKHWRWDODPRXQWVRIFRPPRGLWLHVLQGHSRWVVKRXOGQRW
EH H[FHHGHG WKH WRWDO DYDLODEOH DPRXQW LQ WKHQHWZRUN(T  UHVWULFWV WKH WUDIILF IORZRI UHOLHIYHKLFOHV WR WKH
GHVLJQFDSDFLW\&RQVWUDLQWVDQGDUHUHODWHGWRWKHUHOLHIYHKLFOHVFDSDFLW\VXFKWKDWWKHWRWDOFRPPRGLW\
ZHLJKW DQG WKH WRWDO QXPEHU RI FDVXDOWLHV WUDYHOLQJ EHWZHHQ QRGHV VKRXOG EH OHVV WKDQ WKH WRWDO FDSDFLW\ RI WKH
DXWKRUL]HGYHKLFOHFDUU\LQJLW(TPDNHVDEDODQFHEHWZHHQWKHÀRZVRIDOOYHKLFOHVWUDYHOOLQJDORQJGHPDQG
QRGHV (T  OLPLWV WKH QXPEHU RI YHKLFOHV DOORFDWHG WR GHSRWV DQG PHGLFDO FHQWHUV E\ WKH WRWDO QXPEHU RI
DYDLODEOH YHKLFOHV &RQVWUDLQWV  WR  HQIRUFH UHOLHI YHKLFOHV WR SDVV IURP DXWKRUL]HG URXWHV EHFDXVH LW LV
DVVXPHGWKDWWKHDYDLODELOLW\RIURXWHVLVQRWWKHVDPHIRUGLIIHUHQWW\SHVRIWUDQVSRUWDWLRQPRGHV(THQIRUFHV
UHOLHIYHKLFOHVWRFDUU\FDVXDOWLHVRQGHOLYHULQJWKHPWRDWOHDVWRQHPHGLFDOFHQWHU)LQDOO\&RQVWUDLQWVDQG
IRUFHPRGHOWRSURGXFHDJJUHJDWHYHKLFOHURXWHVWKDWVWDUWIURPZDUHKRXVHVDQGPHGLFDOFHQWHUV
 5HOLDELOLW\DSSOLFDWLRQ
7KHUH KDV EHHQ D UDSLG JURZWK RI VWXGLHV LQ WKH URDG QHWZRUN UHOLDELOLW\ LQ UHFHQW \HDUV HVSHFLDOO\ LQ FULWLFDO
FRQGLWLRQV FDXVHG E\ D GLVDVWHU HJ HDUWKTXDNH KXUULFDQH DQG IORRG ZKLFK KDYH VHYHUH LPSDFWV RQ WKH
WUDQVSRUWDWLRQQHWZRUN2QHRIWKHPRVWW\SLFDOLVVXHVWKDWGHJUDGHWKHSHUIRUPDQFHRIDURDGMXVWDIWHUDGLVDVWHULV
DQ XQGHQLDEOH UHGXFWLRQ LQ LWV HIIHFWLYH OLQN FDSDFLW\ 6R WKLV LV REYLRXVO\ LPSRUWDQW WR FRQVLGHU VWXG\ DQG LI
SRVVLEOHTXDQWLI\VXFK LPSDFWV LQRUGHU WR LQFUHDVH WKHUHOLDELOLW\RI WKHGHVLJQHGQHWZRUN/RDQG7XQJ LQ
SURSRVHGWKHIROORZLQJIRUPXODWLRQWRFRQWUROWKHFDSDFLW\RIDURXWHRUEXLOGLQJLQGLIIHUHQWVLWXDWLRQV
      
opCap op op op op op op op op op op op
F c c c cD T D T T D D ª º  u  u    ¬ ¼   
7KHSUREDELOLW\UHIHUVWRWKHSUREDEOHH[FHHGDQFHRIWKHQHWZRUNIORZIURPWKHFDSDFLW\RIWKHOLQNVĮopDQGLWLV
DORZHUWKDQDSUHVSHFLILHGOHYHOopLVWKHOLQNEHWZHHQWZRJLYHQQRGHoDQGpCapopLVWKHFDSDFLW\RIWKLVOLQN
DQGxopLVWKHWUDIILFIORZRQLW+HUHCapopLVDUDQGRPYDULDEOHZLWKDVSHFLILF3UREDELOLW\'HQVLW\)XQFWLRQ3')
ZKLOH
opCap
F LVWKH&XPXODWLYH'LVWULEXWLRQ)XQFWLRQ&')RI CapopDQGĮopLVWKHDFFHSWDEOHFDSDFLW\H[FHHGDQFH
SUREDELOLW\7KLVVWXG\FRQVLGHUV WKHZRUVWGHJUDGHGFDSDFLW\DVDIUDFWLRQTopRI WKHGHVLJQFDSDFLW\ZKLFKZH
QDPHLWDV³GLVUXSWLRQIDFWRU´:HWDNHcopDVDQLQVWDQFHRICapop7KHSDUDPHWHU opc LVWKHGHVLJQFDSDFLW\RIWKH
DUFop,QRXUPDWKHPDWLFDOPRGHOZHDSSO\WKHIROORZLQJFDSDFLW\UHOLDELOLW\FRQVWUDLQWV
      
V O V O
phv hpv h h h h
v p v p
U U hc T D D d  ¦¦ ¦¦  h  
      
VT
opv op op op op
v
NV cap T D Dd  ¦   o p O   
,QHTXDOLW\  LV UHODWHG WR WKH KRVSLWDO FDSDFLW\ LQIOXHQFHG E\ WKH GLVUXSWLRQ IDFWRU Th DQG WKH FDSDFLW\
H[FHHGDQFHSUREDELOLW\Įh,QHTXDOLW\DSSOLHVWKHFDSDFLW\UHOLDELOLW\RQWKHOLQNV¶FDSDFLW\EHWZHHQHDFKWZR
QRGHV
 5REXVWPRGHO
5REXVWRSWLPL]DWLRQLVDPHWKRGIRURSWLPL]LQJWKHSUREOHPVLQZKLFKWKHGDWDDUHXQFHUWDLQYDU\DORQJZLWKDQ
XQFHUWDLQW\ VHW ,Q IDFW LW SURYLGHV D PDWKHPDWLFDO PRGHO ZKLFK RSWLPL]HV WKH SUREOHPV ZLWK WKH DLG RI
FRPSXWDWLRQDOWRROV7KHVHPRGHOVSHUIRUPZHOOLQDOOVLWXDWLRQVHYHQZKHQWKHHVWLPDWLRQVRIWKHSUREDELOLVWLFGDWD
DUHQRWFRPSOHWHHQRXJK&RQVLGHUWKHIROORZLQJFRPSDFWYHUVLRQRIRXUPRGHO

0LQ z w  
VW 
fx cy z d  f cbox boxf u c u     
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Ay d  dboxd u   
By vd  
Sy kd  
Mx qd  
Ny Lxd  

,Q WKLV PRGHO WKH SDUDPHWHUV RI WKH FRPPRGLW\ GHPDQG D QXPEHU RI LQMXUHG SHRSOH DQG DOO FRVWV LQFOXGLQJ
WUDQVSRUWDWLRQFRVW FRVWRIKRVSLWDODQGGHSRWFRQVWUXFWLRQDQG WKHFRVW WKDW LPSRVHGRQDV\VWHPEHFDXVHRIQRW
GHOLYHULQJUHTXLUHGFRPPRGLWLHVDUHVWRFKDVWLFDQGXQFHUWDLQW\LVDSSOLHGRQWKHP(DFKRIWKHVHXQFHUWDLQYDULDEOHV
YDULHVLQWRDVSHFLILFFORVHERXQGHGER[DVIROORZV
^ `  box t t tu t n[ [ [ U M   d u  
ZKHUH t[ LV D YHFWRU ZLWK n GLPHQVLRQV DQG t[ LV LWV QRPLQDO YDOXH $OVR tM LV D SRVLWLYH QXPEHU ZKLFK VKRZV
³XQFHUWDLQW\VFDOH´DQGU! LV WKH³XQFHUWDLQW\ OHYHO´ $YHU\FRPPRQFDVHXVHGE\VRPHUHVHDUFKHUV LVZKHQ
t tM [ 7KLVLVDVLPSOHFDVHLQZKLFKWKHVL]HRIDUHODWLYHGHYLDWLRQIURPQRPLQDOGDWDLVXSWRU

,WKDVEHHQVKRZQWKDWLQVXFKFDVHVZKHUHWKHUHDUHFORVHGERXQGHGER[HVDPRGHOZLWKDILQLWHVHWUextFDQEH
UHSODFHGE\WKH5&SUREOHP$VDUHVXOWDQREMHFWLYHIXQFWLRQZLWKcDQGfDVVWRFKDVWLFIDFWRUVZLOOEHFRQYHUWHG
WRLWVHTXLYDOHQWWUDFWDEOHIRUPDVIROORZV
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7KH OHIW KDQG VLGHRI WKH DERYH LQHTXDOLW\ FRQWDLQV XQFHUWDLQGDWD WKRXJK WKH ULJKW KDQG VLGHKDVRQO\ FHUWDLQ
SDUDPHWHUV)RU(TWKHH[WUHPHSRLQWVRIUboxLQUextKHOSXVWREXLOGWKHUREXVWFRXQWHUSDUWDVIROORZV
^ `  ^  `     dnd d di i d box box i i d t da y d i n d u u d d d i nU M        d u  
  ^  `    ^  `d di i d i d i i d i da y d i n a y d i nU M U M        
 6ROXWLRQDSSURDFK
7KHUHDUHDZLGHUDQJHRIVROXWLRQDSSURDFKHVIRUVROYLQJPXOWLREMHFWLYHOLQHDUSURJUDPPLQJ02/3PRGHOVD
IX]]\SURJUDPPLQJDSSURDFK)3$LVRQHRIWKHPEHLQJLQFUHDVLQJO\XVHGGXHWRWKHLUXVHIXOIHDWXUHZKHUHLWKDV
WKHDELOLW\RIPHDVXULQJWKHVDWLVIDFWLRQGHJUHHRIHDFKREMHFWLYHIXQFWLRQGLUHFWO\,QWKLVSDSHUZHDSSO\DVLQJOH
SKDVHDSSURDFKFDOOHG7+7KLVDSSURDFKFDQREWDLQDQDX[LOLDU\&5,63IRUPXODWLRQIRUDQ02/3DVIROORZV
0D[      r r
r
x xG WG W \ P   ¦  
VW 
  r xG Pd   r   
  DQG >@x F x G W   
ZKHUH W DQG \r UHSUHVHQW WKH FRPSHQVDWLRQ FRHIILFLHQW DQG UHODWLYH LPSRUWDQFH RI WKH rWK REMHFWLYH IXQFWLRQ
UHVSHFWLYHO\\rDUHGHILQHGE\WKHGHFLVLRQPDNHUVXFKWKDW¦r\r \r!0RUHRYHUWKHPLQLPXPVDWLVIDFWLRQ
OHYHORIWKHREMHFWLYHIXQFWLRQVLVFRQWUROOHGE\W$OVRPrxLVWKHVDWLVIDFWLRQGHJUHHRIWKHrWKREMHFWLYHIXQFWLRQ
DQG GGHQRWHVWKHPLQLPXPVDWLVIDFWLRQGHJUHHRIWKLVREMHFWLYHIXQFWLRQG PLQr^Prx`
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 &RPSXWDWLRQDOUHVXOWV
7RYHULI\RXUSURSRVHGPRGHODQGWKHVROXWLRQDSSURDFKDWHVWSUREOHPLVSUHVHQWHG7KLVSUREOHPLVLQVSLUHGE\
WKH HDUWKTXDNHKDSSHQHG LQ7DEUL],UDQ LQZKLFK OHG WR VHYHUDO IDWDOLWLHV DQGGHVWUXFWLRQRISURSHUWLHV7KH
SUREOHPLVDQHWZRUNZLWKQRGHVWUDQVSRUWDWLRQDUFVDQGW\SHVRIYHKLFOHV,QWKLVFDVHGLIIHUHQWW\SHVRI
UHOLHIFRPPRGLW\KDYHEHHQFRQVLGHUHG'XHWRVRPHGLIILFXOWLHVIRUREWDLQLQJWKHH[DFWGDWDDQGOLPLWHGDFFHVVWR
JRYHUQPHQWDOOLEUDULHVZHJHQHUDWHVRPHRIWKHQHFHVVDU\GDWDUDQGRPO\LQVXFKDZD\WKDWWKH\DUHVRFORVHWRWKH
UHDO YDOXHV IRXQG LQ WKH OLWHUDWXUH 7DEOH  VKRZV WKH REWDLQHG YDOXHV RI RXU ERWK REMHFWLYH IXQFWLRQV XQGHU
XQFHUWDLQSDUDPHWHUVDQGZLWKRXWFRQVLGHULQJXQFHUWDLQW\IRUWKHP$VUREXVWQHVVDOZD\VLPSRVHVFRVWRQV\VWHP
WKHWZRREMHFWLYHIXQFWLRQYDOXHV2)9VXQGHUXQFHUWDLQW\KDYHWKHZRUVWYDOXHVLQFRPSDULVRQWRWKHGHWHUPLQLVWLF
PRGHO7KHQHWZRUNVKRZQLQ)LJXUHLVWKHRSWLPDOQHWZRUNRIWKHWHVWSUREOHPZKLFKLVGHVLJQHGE\RXUPHWKRG


)LJ,OOXVWUDWLYHUHVXOWHGQHWZRUN

7DEOH7HVWUHVXOWXQGHUXQFHUWDLQSDUDPHWHUVȉ \ IRUWKHXQFHUWDLQW\OHYHO
pft, pfc, pct, pcd, pcv, pd, pinj, pT, pT) 
2EMHFWLYHIXQFWLRQYDOXH
2EMHFWLYH 'HWHUPLQLVWLF 
 5REXVW 
2EMHFWLYH 'HWHUPLQLVWLF 
5REXVW 
 6HQVLWLYLW\DQDO\VLV
,QWKLVVHFWLRQWKHFRPSXWDWLRQDOH[SHULPHQWVSUHVHQWHGLQWKHSUHYLRXVVHFWLRQDUHXWLOL]HGWRWHVWWKHVHQVLWLYLW\
RI WKH REMHFWLYH IXQFWLRQV IRU FKDQJHV LQ WKH DPRXQW RI GHPDQG IRU UHOLHI FRPPRGLWLHV WKH QXPEHU RI LQMXUHG
SHUVRQVLQHDFKDIIHFWHGDUHDXQFHUWDLQW\OHYHOYDULDEOHFRVWRIWUDQVSRUWDWLRQFRQVWUXFWLRQFRVWGLVUXSWLRQIDFWRU
DQG WKH FRVW RI XQVDWLVILHG GHPDQG%\SURYLGLQJ WKH JUDSKV RI WKH REMHFWLYH IXQFWLRQV¶ FKDQJHVZHGLVFXVV WKH
EHKDYLRURI2)9VIRUGLIIHUHQWYDOXHVRIWKHDERYHSDUDPHWHUV)LJXUHSURYLGHVDVHQVLWLYLW\DQDO\VLVWRLQYHVWLJDWH
WKH HIIHFW RI XQFHUWDLQ SDUDPHWHUV RQ FRVW REMHFWLYH IXQFWLRQ $V LW LV REYLRXV LQ WKLV ILJXUH YDULDEOH FRVW RI
WUDQVSRUWDWLRQYDULDWLRQVFDXVHPRUHFKDQJHVRQWKHYDOXHRIILUVWREMHFWLYHIXQFWLRQDVLWVJUDSK¶VVORSHLVWKHPRVW
LHWKHJUDSKZLWKRUDQJHFRORU7KHHIIHFWVRIRWKHUXQFHUWDLQSDUDPHWHUVDUHGHPRQVWUDWHGE\XVLQJJUDSKVZLWK
GLIIHUHQWFRORUV
 &RQFOXVLRQ
7KLVVWXG\SUHVHQWHGDUHOLDEOHELREMHFWLYHPXOWLPRGHDQGPXOWLFRPPRGLW\UHOLHIURXWLQJPRGHOZKLFKDLPVDW
GHVLJQLQJ D UHOLHI QHWZRUN LQ D UHVSRQVH SKDVH RI D GLVDVWHU (DUWKTXDNHZDV SDUWLFXODUO\ FKRVHQ DV WKH FDVH RI
GLVDVWHU EHFDXVH RI LWV UXLQRXV DQG GHVWUXFWLYH QDWXUH DQG DOVR EHFDXVH LW LV RQH RI WKH PRVW IUHTXHQW GLVDVWHUV
KDSSHQVLQ,UDQ7KHFRQVLGHUHGQHWZRUNFRQVLVWVRIGLIIHUHQWQRGHVLHDIIHFWHGDUHDLQWHUPHGLDWHDQGWKHQRGHV
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IRUHVWDEOLVKLQJWHPSRUDU\PHGLFDOFHQWHUVDQGGHSRWV7KHFDSDFLW\RIURXWHVDQGPHGLFDOFHQWHUVZHUHFRQVLGHUHG
GHJUDGDEOHPHDQVWKDWWKH\FRXOGEHLQIOXHQFHGE\DVHFRQGDU\GLVDVWHUDQGGHFUHDVHG,W LVDFRPPRQLVVXHDIWHU
QDWXUDO GLVDVWHUV HVSHFLDOO\ HDUWKTXDNH ZKHQ FRQWLQXHV ZLWK VRPH SUREDEOH DIWHUVKRFNV $ FDSDFLW\ UHOLDELOLW\
FRHIILFLHQWZDVREWDLQHGDQGDSSOLHGRQWKHPRGHO7KHQWRPDNHWKHPRGHOPRUHUHDOLVWLFXQFHUWDLQW\ZDVWDNHQ
LQWR DFFRXQW IRU VRPH SDUDPHWHUV 7KHQ D UREXVW RSWLPL]DWLRQPRGHO ZDV SUHVHQWHG WR PDNH WKH UHOLHI QHWZRUN
LQVHQVLWLYHWRYDULDWLRQVRIGLIIHUHQWVWRFKDVWLFSDUDPHWHUV2QHWHVWSUREOHPZDVXWLOL]HGWRYDOLGDWHWKHPRGHODQG
VKRZHGZKDW UHVXOWVZRXOGEH LOOXVWUDWHG7KLVPRGHOZDVVROYHGE\FRGLQJ LQ*$06FRPPHUFLDO VRIWZDUH
DSSO\LQJ&3/(;VROYHURQDQRWHERRNFRPSXWHUZLWK3HQWLXP0+]&38DQG*%5$0,QFDVHRIIXWXUH
VWXGLHVWKHPRGHOFRXOGEHH[WHQGHGE\FRQVLGHULQJXQFHUWDLQW\RQRWKHUSDUDPHWHUVVXFKDVWKHDPRXQWRIVXSSOLHV
EHFDXVHXVXDOO\PRVWRIWKHVXSSO\LQGLVDVWHUFLUFXPVWDQFHVDUHFROOHFWHGE\FKDULWLHVDQGLW LVVWRFKDVWLFRUWKH
QXPEHURIDYDLODEOHYHKLFOHV)XUWKHUPRUHKHXULVWLFDQGPHWDKHXULVWLFDOJRULWKPVFDQEHGHYHORSHGWRVROYHODUJH
VFDOHSUREOHPV


)LJ6HQVLWLYLW\DQDO\VLVRIXQFHUWDLQSDUDPHWHUV
$FNQRZOHGJHPHQWV
7KLV ZRUN KDV EHHQ VXSSRUWHG ILQDQFLDOO\ E\ WKH &HQWHU IRU ,QWHUQDWLRQDO 6FLHQWLILF 6WXGLHV 	 &ROODERUDWLRQ
&,66&DQGWKH)UHQFK(PEDVV\LQ7HKUDQDVZHOODVWKH3DUWHQDULDWV+XEHUW&XULHQ3+&SURJUDPLQ)UDQFH
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